Aim: To assess the clinical and cost-effectiveness of different methods of cleaning and sterilisation of infant feeding equipment used in the home. Design: Systematic review of studies from developed countries on the effectiveness of methods of cleaning and sterilisation of infant feeding equipment used in the home. A brief telephone survey of UK-based manufacturers of infant feeding equipment and formula to ascertain the evidence base used for their recommendations, and a comparison of current relevant guidelines in developed countries, informed the work. Results: National guidelines from six countries demonstrated variation and lack of evidence to support current guidance. Manufacturers did not report evidence of effectiveness to support their recommendations. Nine studies were identified; eight conducted between 1962 and 1985 and one in 1997. All had methodological weaknesses. Hand-washing was identified as fundamentally important. Health professionals were reported as not providing appropriate education on the importance and methods of cleaning and sterilisation. Mothers of subsequent babies and women from lower socio-economic groups were less likely to follow recommended procedures. Conclusion: There is a lack of good-quality evidence on effective ways of cleaning and sterilising infant feeding equipment in the home. The evidence base does not answer the question about which of the methods in common use is most effective or most likely to be used by parents. Hand-washing before handling feeding equipment remains important. Further research on the range of methods used in the home environment, including assessment of the views of parents and carers, is required.
In the UK and many other Western countries, breastfeeding rates fell throughout the first half of the 20th century and remain at low levels. Over the past decades, work conducted to raise the rates of breast-feeding has met with some success (1, 2) , but serious problems remain internationally as highlighted in the second Innocenti Declaration on the protection, promotion and support of breast-feeding (3) . In the UK around 24 % of babies will be formula-fed from birth, and by 6 weeks following birth 79 % of babies will be fed exclusively or partially on infant formula (2) , with the highest rates of formula feeding among women of lower socio-economic status. The situation is similar in other Western countries including the USA (4) , while in other countries, including China, previously high breast-feeding rates are declining rapidly (5) . Worldwide, many millions of babies will be fed breast milk substitutes, usually by use of a plastic bottle and teat. The health consequences of this are enormous, and result in increased mortality and morbidity in both developed and developing countries (6, 7) . Risks to the baby from formula feeding not only include the intrinsic nutritional and immunological deficiencies of formula compared with breast milk. They also include risks that could potentially be reduced, such as errors in the manufacturing process, contamination during storage and transport (8) , errors in reconstitution of infant formula in the home (9) , and ensuring effective cleaning and sterilisation of the equipment used.
Article 1 of the WHO Code on the Marketing of Breastmilk Substitutes endorses 'the proper use of breastmilk substitutes, when these are necessary, on the basis of adequate information' (10) . What are the evidencebased ways of ensuring the 'proper use' of such substitutes? Unlike the evidence base for the promotion and support of breast-feeding, which has been strengthened considerably in recent decades (11) (12) (13) , the evidence base for reducing the risks of formula feeding seems to be scanty. It is not clear from the epidemiological literature what proportion of common diseases such as gastroenteritis is an inevitable consequence of the use of a product of lower quality than breast milk and what proportion could be prevented by improved practice. One recent study (7) has suggested that, in formula-fed infants, there was significantly more diarrhoeal disease in those infants whose carer did not sterilise bottles and teats with steam or chemicals, particularly in infants under 6 months of age (adjusted OR 5 9?13; 95 % CI 1?17, 71?39; P 5 0.012). No information was available, however, on the relative effectiveness of the different methods being used.
Milk is the perfect medium for growth of bacteria, and therefore poorly cleaned feeding equipment can be a potent source of infection for babies (14) . The organisms of most concern are reported to be Salmonella (8) and Enterobacter sakazakii (8, 15) . To reduce contamination with these organisms, the Food Standards Agency and Department of Health in England have recently recommended that formula feeds are made up using boiled water that is .708C (water that has been boiled and left to cool for no more than 30 min) and that formula is made up fresh for each feed (16) . A report by the European Food Safety Authority (EFSA) (8) concluded that cleaning and sterilisation of equipment in the home is a critical part of the avoidance of infection; recommendations include the use of 'sterile bottles, achieved by heating and chemical methods', although no evidence is provided on the relative effectiveness of these methods. The recent WHO guidelines published in 2006 and updated in 2007 (17) are consistent with the EFSA recommendations and suggest that manufacturer's instructions should be followed for chemical or steam sterilisation procedures. These guidelines are stated (p. 2) to be 'largely based on the findings of a quantitative microbiological risk assessment for Enterobacter sakazakii '. Effective cleaning and sterilisation of infant feeding equipment offers the opportunity to minimise risks to the baby and could result in significant clinical and cost benefits (18) . Various methods of cleaning and treating infant feeding equipment are used internationally (Table 1 ). Potential problems in using these methods routinely include cost, the time-consuming and complex nature of some methods, confusion over the length of time equipment should be boiled, left to soak or left in the microwave, whether or not equipment left to soak in hypochlorite should be rinsed, and how equipment immersed in boiling water or hypochlorite should be removed and dried. Such confusion, expense and the time needed may result in a lack of compliance. It is also not clear if basic hygiene measures such as hand-washing are seen by parents and carers as important in the face of more complicated approaches.
Furthermore, use of dishwashers has been implicated in the release of plasticisers following a relatively small number of washes (19, 20) . It is not surprising, therefore, that there is variation in the information and advice given by health professionals. One survey conducted in Scotland found that, before the birth of their baby, only 40 % (n 25) of women considering bottle feeding had been given any information on sterilising equipment (21) . It is essential to maximise the opportunities for women to breast-feed, and it is also very important to offer opportunities for parents to learn about minimising the risks of formula feeding.
Preliminary work
Two brief investigations were undertaken to inform this review and to search for unpublished studies. First, UKbased manufacturers of infant feeding equipment and formula who made recommendations for cleaning and sterilising techniques in the literature accompanying their product were identified. The health advisor for each company was contacted by telephone by one of us (M.M.); all agreed to be interviewed. They were asked for information about the evidence base that informed their published recommendations. Responses are summarised in Table 2 . Although two infant formula companies and two manufacturers of feeding equipment reported that they based their instructions on Department of Health guidelines or policy, at the time of the interviews (2003) no such guidelines existed on the cleaning and sterilisation of infant feeding equipment. No relevant studies were identified.
Second, we contacted the UNICEF Baby Friendly Initiative Co-ordinator in similar developed countries and requested copies of relevant national guidelines and information about the evidence base used. The results for these six countries are summarised in Table 3 and (22) (23) (24) , only for those under 3 months of age (New Zealand (25) , Norway (26) , USA (27) ), or only on the recommendation of a health professional (Canada) (28) . In the USA and Norway the use of a dishwasher was recommended as an alternative to sterilisation. There were also variations in the detailed instructions for cleaning teats (i.e. use of salt or not), and in whether bottles and teats sterilised by the chemical method should be rinsed before use. No international respondent was aware of any evidence of effectiveness informing the guidelines from their country.
The aim of the systematic review described in the present paper was to assess the clinical and cost-effectiveness of different methods of cleaning and sterilisation of infant feeding equipment used in the home.
Methods

Literature search
The first search was conducted in 2003 on the following databases: Medline, Embase, CINAHL, Psycinfo, British Nursing Index (BNI), Allied and Complementary Medicine, Premedline, Health Management Information Consortium (HMIC), EBM reviews, SIGLE and the Cochrane library database (which included CDSR, ACP Journal Club, CCTR and DARE). Electronic database searches were supplemented with hand searches of the references of selected papers, relevant policy documents and consultation with the key professionals and companies in this field. Grey literature and unpublished studies not recorded on SIGLE were identified by searching the National Research Register and the NHS Centre for Reviews and Dissemination database. A broad search strategy was used to identify all relevant literature, using the following keywords and Mesh terms: bottle$, artificial feed$, formula feed$, infant feed$, teat$, sterili?$, clean$, wash$, prepar$, disinfect$, saniti$, hygien$, breastfeeding, breast pump, germ free, spotless, infection, uncontaminated. A second, structured search was run on Medline in 2006 which identified only one additional paper; the full search strategy is shown in Table 4 .
Inclusion/exclusion criteria
No date limits were set on either search. The review included research studies from developed countries that examined methods of cleaning and/or sterilisation of infant feeding equipment, either in the home or applicable to home conditions, regardless of the research design used. Studies from developing countries were excluded, as the sterilisation and infection issues are different in such dissimilar settings.
Outcomes
Outcomes of interest included clinical outcomes in infants; results of microbiological tests of bottles and teats; behavioural outcomes for carers; and costs.
Data extraction
Data were systematically extracted by one reviewer (M.M. or A.M.) using pre-designed data extraction forms, and were checked by a second reviewer (M.J.R.). Included studies were assessed for quality using criteria published by the Centre for Reviews and Dissemination (29) .
Results
Published literature
Of the 1520 references identified, only nine studies published in eight papers (18, (30) (31) (32) (33) (34) (35) (36) met the inclusion criteria; all but one (18) were identified in the early search. The majority of the other citations were not research studies. No systematic reviews were identified. Details of the nine included studies are given in Table 5 and the quality of the included studies is summarised in Table 6 . Eight were conducted between 1962 and 1987 (30) (31) (32) (33) (34) (35) (36) and one in 1998 (18) . Three were conducted in the USA (33, 34, 36) and six in the UK (18, (30) (31) (32) 35) . One was a randomised controlled trial (34) , four were non-randomised controlled trials (18, 32, 33, 36) , and four were surveys (30) (31) (32) 35) . The number of participants ranged from twenty-six to 758 (median, sixty-three). No studies examined cost-effectiveness. All studies had serious methodological weaknesses.
Two studies examined infant morbidity related to the cleaning method used (32, 33) . No significant difference in the incidence of infections or illness was identified, although no studies were of appropriate design or sufficient quality or size to answer these important questions.
The largest study (30) , conducted in 1970, took place across four different geographical areas in the UK, each selected because of proximity to a public health laboratory. Methods used in the home differed across the four areas; these included the hypochlorite method alone (48 %), boiling (30 %), hypochlorite and boiling together (11 %), and the remainder either used another method (not stated) or nothing (12 %). Bottles and teats sterilised using the hypochlorite method had lower colony counts (bacterial count #5: 63 % (n 475) of bottles; 52 % (n 395) of teats) when samples were tested in the laboratory. The majority of mothers who used the hypochlorite method lived in rural areas and also spent more time washing and sterilising the equipment. The majority did not carry out sterilisation procedures as recommended, in spite of the fact they had received health education in this field. Clegg et al.'s study in England in 1977 (31) found similar results.
The most recent study (18) examined the effectiveness of commonly used cleaning and disinfecting procedures on the removal of enterotoxigenic Bacillus cereus from feeding bottles. This non-randomised experimental study was conducted in the laboratory, but included subjecting bottles to storage conditions which may occur in the home. The results showed that thorough cleaning reduced, but did not completely eliminate, all microbes. All of the three disinfection procedures tested (one chemical and two thermal) eliminated the organism at low levels of contamination (,10 5 organisms/ml) but the chemical method failed to eliminate B. cereus at potentially hazardous levels ($10 5 organisms/ml) which may occur with improper use in the home. (30) : survey UK 1000 homes, with babies aged 2-4 months, were selected in 4 geographical areas which contained a cross-section of socio-economic groups; 758 completed the questionnaire and gave bottles and teats to be tested 94 % of mothers reported they sterilised feeding bottles and teats; 48 % (n 362) used the hypochlorite method alone; 30 % (n 230) relied solely on boiling; 11 % used both methods together; the remainder used another method or did nothing Questionnaire; bacteriological assessment of bottles and teats Microbiology: 63 % (n 475) of bottles and 52 % (n 395) teats had a bacterial count of #5 colonies. Area b was significantly worse than the other areas, both for bottles and teats (P , 0?001)
Health visitors arrived without prior warning and collected a bottle and teat which were, according to the mother, clean and ready to be filled for the morning feed 78 % (n 281) of bottles and 70 % (n 253) of teats sterilised by hypochlorite had #5 colonies v. 46 % (n 106) of bottles and 34 % (n 77) of teats sterilised by boiling method Behaviour: more mothers using hypochlorite method used a more thorough cleansing routine -more of them used bottle brushes and liquid detergent and more rubbed the teats with salt and turned them inside out (no figures given) (31) : survey UK 63 mothers, all having babies aged 2-5 months who were being bottle-fed, from wide range of socio-economic groups 3 used the boiling method; 60 used some form of hypochlorite solution (not defined)
Bacteriological assessment of bottles and teats Microbiology: 98?1 % of bottles and 90?6 % of teats had a residual count of less than 5 colonies/ml. As only 3 mothers were using the boiling method it was impossible to make any significant notes in comparison to the other technique
Mothers were provided with a commercial sample of a stabilised solution of 1 % sodium hypochlorite to use for treatment of their babies' feeding utensils; each mother was visited twice by a microbiologist who collected a bottle and a teat which had been immersed for minimum of 30 min in a sterilising unit using the aseptic technique Rowan and Anderson (1998) (18) : non-randomised lab-based trial of 3 procedures UK lab 20 infant feeding bottles Bottles contaminated with different levels of enterotoxigenic Bacillus cereus were subjected to commonly used cleaning and disinfecting procedures. Uncleaned, partially cleaned and thoroughly cleaned bottles were subjected to the following: 
.
Authors of several of the included studies (33, 34) suggested that the 'clean' (washed with hot soapy water and rinsed with hot running water) method is a safe alternative to traditional 'sterilisation' techniques, provided the safety of the water is assured. However, three studies (30, 32, 35) found higher numbers of organisms on teats, suggesting that they are more difficult to clean effectively than bottles. Gatherer (32) indicated that bacteriology results were excellent using either thorough cleaning or sterilisation; this was attributed to the education provided for mothers. Other studies (30) (31) (32) 35) identified a link between the failure to correctly sterilise and prepare formula feeds and a lack of ante-and postnatal education from health professionals, multiparity (mothers with two or more children) and low socio-economic status. Several authors (18, 30, 31, 37, 38) have suggested that improved teaching for mothers and consistent advice from health professionals (38) are key factors in improving sterilisation and cleaning of infant feeding equipment.
Discussion
The striking finding from the present study is the lack of good-quality information on clinical and cost-effective ways of cleaning and sterilising infant feeding equipment in the home, especially under conditions relevant to families in developed countries in the 21st century. Only two studies examined clinical outcomes for the babies. Design flaws identified included lack of randomisation, inadequate sample size and selection bias. This lack of high-quality evidence probably explains the variation in international guidelines that we identified.
The majority of studies identified were conducted in the 1950s to the 1980s, before the introduction of microwaves and the widespread use of dishwashers in the home. It was during the 1950s that there was a steady improvement in infant mortality rate due to the reduction in deaths from childhood infectious diseases, including gastroenteritis (30, 39, 40) . This was in part due to the recognition of the dangers of contaminated water and the introduction of chemical sterilisation methods for infant feeding equipment (41) , and forms of sterilisation used in the 1950s are still recommended. Only one study (18) tested more recent approaches (electric and microwave steam sterilisation) and found both to be more effective than chemical sterilisation. The contribution of microwaves, with the potential for overheating, and dishwashers, with the possible hazards of salt and detergent residues and the release of plasticisers, remains to be examined.
Our preliminary work found that the evidence base for the current advice given by some infant formula or feeding equipment manufacturers in the UK is unclear. Several respondents stated that they based their advice on Department of Health guidelines, but we were unable to identify the existence of such guidelines at that time. Since we conducted this preliminary work, limited guidelines have been issued by the Food Standards Agency in the UK (16) and by EFSA (8) in Europe, in response primarily to recent concern about E. sakazakii and Salmonella. The recommendation in those guidelines to make up each feed as required is likely to have implications for compliance with complex sterilisation procedures.
In the absence of a secure evidence base, it is not clear what advice health professionals should be giving. Such information as we have from the included papers in this review, however, suggests that input from health professionals does have the potential to make a difference, probably in promoting compliance with whichever method is used.
We found no studies that examined the views and experiences of parents and carers about the problems of cleaning and sterilising in the home environment, or ways in which the process might be simplified and made more efficient and effective.
Unanswered questions remain: what are parents and carers actually doing? Which methods are easier and achieve best compliance? Which methods achieve the best clinical outcomes for the babies? Are basic hygiene measures such as thorough hand-washing, cleaning of equipment and a clean water supply sufficient?
Conclusion
Bottle feeding carries inherent risks for the baby and is a potential source of bacterial contamination. There is scanty of evidence, however, on clinical and cost-effective ways of cleaning and sterilising infant feeding equipment, including both bottles and teats, in the home, and there is a risk that some parents may reject current methods as cumbersome, time-consuming and expensive. Further, the focus on 'sterilisation' procedures could have a paradoxical effect of reducing basic hygiene procedures such as hand-washing and thorough washing and drying of equipment, as it could induce complacency about the possibility of infection. The current evidence base provides little information about effectiveness of the range of old and new methods used, and there is no evidence that either manufacturers or health policy makers have identified the problems parents might face in their own homes. Studies are old, of poor quality and largely irrelevant to circumstances in the home in the early 21st century.
Further research
Research is needed to determine which methods of cleaning or sterilisation of infant feeding equipment are most effective and efficient, for both bottles and teats. Epidemiological studies could contribute to a more comprehensive assessment of the risks of poor practice and the likely effects of improved procedures in this important public health issue. Further surveys and qualitative studies could provide updated information on what parents and carers actually do in the home environment and what the barriers to good practice are. Such information would inform the design of a randomised controlled trial, adequately powered, of the range of methods in common use, measuring clinical and cost outcomes, as well as the views of parents and carers.
